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Abstract 
The article presents the analysis of casting molds failure under pressure. It was found that the main causes are physical and 
chemical activity of the casting alloy, the nature of the used materials and the intensity of the cyclic temperature-power loading. 
The technique of the stress assessment in the molds is presented. The schedule of distribution of axial and tangential stresses in 
the cross section of the sprue bushing in various stages of compression is made up. It is found that the maximum level of stress 
occurs at the contact surfaces during the filling and the subsequent brief exposure of the melt in the mold. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The process of casts forming under pressure is characterized by high characteristics of cyclic temperature-power 
loading of molds and is accompanied by an active interaction of tool materials with surface-active media. The 
researches have established some specific reasons for the low efficiency of die toolings for the solid-liquid punching, 
depend on physico-chemical activity, the nature of used materials and the intensity of cyclic temperature-power 
loading [1]. 
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In this research the estimate of the stress in molds is made for schematized model, which is a thin-walled cylinder 
(Figure 1), the inner cavity of which is exposed to cyclical temperature-power loading. Model selection was to 
evaluate the stresses in the most loaded elements of the form (such as bushings, external making out details of the 
matrix, etc.) [2]. 
Fig. 1. Calculation Model of a thick-walled cylinder: 
 a - an inner diameter; b - an outer diameter; pa - internal pressure; rm - m-layer diameter. 
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2. Experimental procedure 
Stress calculation is performed using dissection techniques of the object [3]. To this end, the wall thickness of the 
cylinder is conventionally divided into n equal layers. In pinching cylinder for thermal stress in a hypothetical 
sections the condition, arising from the deformation compatibility, is kept: 
zr VVVW  ,   (1) 
where: VW, Vr, Vz  – tangential, radial and axial stresses, respectively.  
Using the principle of superposition, formulas for calculating the axial and tangential stresses on the temperature 
and the action of external conditions (assumption of elastic behavior of the material) can be written as: 
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where: Vzm – axial stress in any layer m, MPa; 
VWm – tangential stress in the layer m, MPa; 
įm = Tm·ȕm – relative thermal linear expansion of the layer m; 
௠ܶ– temperature, K; 
ȕm – coefficient of linear thermal expansion of the layer t 1/deg; 
Em,Ei  – elastic modulus  of the  reviewed and current layers, MPa; 
μ – Poisson's ratio; 
a – the size of the inner ring, mm; 
b – the size of the outer ring, mm; 
Np – circumferential force, equal  Pa · a · H; 
H – height of the cylinder, in mm; 
Pa  – internal pressure, MPa; 
Ȗm, Ȗi  – V.V.Abramova functions, characterizing the ratio of length m and the ith layer to the first layer. 
The radial strain  Vr’  by an external force Pa is determined from the condition: 
constr   WVV ;   (4) 
brataratP rar     0; VV ;  (5) 
On the inner surface of the cylinder radial total stress ır’’ from the uneven distribution of thermal expansion (ır) 
and internal pressure  ( ır’ )  are found from the expression: 
'''
rrr VVV  ;   (6) 
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Fig. 2. - ız distribution of axial and tangential stresses in the cross section ıĲ sprue bushing at various stages of compression: 
1-0.2 seconds after exposure; 2-0.5; 3-1.0 sec; 4-5.0 sec; 5 - in the moment form disclosure. 
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3. Results and Discussions 
The necessary for calculation information is obtained from the results of the analysis of the current casting 
technologies of body parts and calculation of the temperature fields in the tool [4-6]. The numerical calculations are 
performed for the most loaded section of the mold: a sprue bushing (see Figure 2, zone 1.).  
The specific pressure P was assumed constant and equal to 120 MPa, the sleeve material - steel 3Cr2W8V, 
compressible alloy AlSi12Cu [7-10]. During calculating the correction was introduced on the change of physico-
mechanical properties of the material, depending on the temperature. The material properties and the temperature 
within the layers (į = 10) were taken constant and equal to their values on the internal surfaces of each layer. These 
calculations are shown in Fig. 2. 
4. Conclusions 
The analysis of the data shows that the maximum level of stress occurs at the contact surfaces during the filling 
and the subsequent brief exposure of the melt in the mold. So ız and ıĲ in the surface layer after 1.0 sec is ız = -1835 
MPa and ıĲ = -1335 MPa, respectively. At the same time it is noted that within one cycle the stress mark in the 
surface volumes in transient mode of operation of the mold changes from compressive to tensile. At steady state, the 
maximum axial and shear stresses on the surface of the tool are significantly reduced (especially axial) and make up: 
ız = -1002,4 MPa, ıĲ = -1035MPa. 
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